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Abstract
Between 2003 and 2006, a severe drought occurred throughout the Mondego River catchment’s area, inducing lower freshwater flows into the
estuary. As a consequence, both 2004 and 2005 were considered as extreme drought events. From June 2003 to June 2006, the fish assemblage of
the Mondego Estuary was sampled monthly in five stations during the night, using a 2 m beam trawl. Fish abundance was standardized as the
number of individuals per 1000 m2 per season and the assemblage was analyzed based on ecological guilds: estuarine residents, marine juve-
niles, marine adventitious, freshwater, catadromous and marine species that use the estuary as a nursery area. A total of 42 species belonging to
23 families were identified, with estuarine residents and nursery species dominating the fish community. Variations in the fish community were
assessed using non-metric MDS, being defined as three distinct periods: summer and autumn 2003, 2004/2005 and winter and summer 2006. The
main drought-induced effects detected were the depletion of freshwater species and an increase in marine adventitious in 2004/2005, due to an
extended intrusion of seawater inside the estuary and a significant reduction in abundance during the driest period of estuarine resident species.
Nevertheless, from the management point of view, it could be stated that although some variations occurred due to environmental stress, the main
core of the Mondego Estuary fish community remained relatively unchanged.
 2007 Elsevier Ltd. All rights reserved.
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The increasing rate of global climate change seen in the last
century and the predictions to accelerate into the present one
will significantly impact the Earth’s oceans and coastal waters
(Short and Neckles, 1999; Mirza, 2003). Stochastic events
such as weather extremes can cause fluctuations in the condi-
tioning factors but often affect the state directly, for example,
by eliminating parts of populations (Scheffer et al., 2001).
Extreme environmental events (e.g. extreme droughts/floods)
can seriously change the amount of water flowing within river
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doi:10.1016/j.ecss.2007.05.040systems (Tallaksen et al., 1997). In estuaries, these effects
have only been addressed in a few studies concerning inverte-
brates (Attrill et al., 1996; Attrill and Power, 2000) and fishes
(e.g. Garcia et al., 2001; Ecoutin et al., 2005). Such environ-
mental instability, combined with anthropogenic derived pres-
sures such as dredging activities, waste water and general
organic pollution, will have significant impacts on estuarine
fish communities. Hence, understanding the effects of changes
in freshwater flow on estuarine systems is crucial to compre-
hend more about the dynamics of these key ecosystems, since
river discharge into many estuaries is substantially altered due
to human socio-economic development and may be in fact
sensitive to climate change (Gleick, 2003).
Estuaries have long been regarded as important sites for fish
(e.g. Haedrich, 1983; McLusky and Elliott, 2004), and are
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of individual taxa, most of which exhibit wide tolerance limits
to the fluctuating conditions found within these systems (Whit-
field, 1999). In order to simplify information and to allow
a better comparison among different systems, Elliott and Dew-
ailly (1995) defined the structure of the typical Atlantic Sea-
board estuarine fish community, in terms of ecological
guilds: estuarine residents, marine adventitious visitors, diad-
romous (catadromous or anadromous) migrant species, marine
seasonal migrants, marine juvenile migrants which use estuar-
ies as nursery grounds and freshwater adventitious species.
Therefore, the knowledge of the effects and changes caused
by environmental extreme variations on the above ecological
groups should yield insights into the present status and to fore-
see future changes in fish communities.
Previous works regarding the Mondego Estuary fish com-
munity focused mainly on the structure according to the
ecological guilds previously referenced and also on the impor-
tance of the estuary as a nursery area for commercial marine
species (for further details see Jorge et al., 2002; Leit~ao
et al., 2006, 2007; Martinho et al., 2007). As a general trend,
in the last 15 years a major decline in species number from
1989e1992 to 2003/2004 was noticed, mostly freshwater spe-
cies (Leit~ao et al., 2007). According to the same authors, this
decline could be partially attributed to a change in the estua-
rine environment, as salinity increased over the past years
due to continuous dredging activities to deepen the main ship-
ping channel, within the estuary. Also, the decrease in the en-
vironmental quality of the estuary due to eutrophication pulses
and consequent macroalgal blooms (Cardoso et al., 2004; Dol-
beth et al., 2007) could have been responsible for the loss of
less resilient species.
In Portugal, several weather extremes have been recorded
in the past years. According to the Portuguese Weather Insti-
tute (http://web.meteo.pt/pt/clima/clima.jsp), 2003 was regis-
tered as the second hottest summer since 1931, with thelongest heat wave since 1941. In 2004, an extremely dry
year, precipitation levels were far below average. June 2004
was the hottest month since 1931. In the year 2005, which
was also an extremely dry year, the lowest precipitation values
since 1931 were registered. June and August 2005 were the
second and third hottest months, respectively, since 1931.
This year was considered as severe drought until September
throughout the Portuguese territory, and was the harshest of
the past 60 years. Until June 2006, 96% of the Portuguese ter-
ritory remained under weak drought conditions (Portuguese
Weather Institute, http://web.meteo.pt/pt/clima/clima.jsp).
This series of consecutive changes allowed a direct compari-
son between years of different hydrological regimes.
Within this framework of events, the objectives of this work
were the following: (a) to identify the changes that occurred in
the fish community of the Mondego Estuary along a three-year
period, from June 2003 to June 2006; and (b) to assess if
drought conditions influenced the distribution and composition
of the fish community.
2. Materials and methods
2.1. Study site
The Mondego River Estuary (40080N, 8500W) is a small
intertidal system, located in the western coast of Portugal
(Fig. 1). It comprises two arms (north and south) that separate
at about 7 km from the shore and join again near the mouth.
The north arm is deeper, with 5e10 m depth at high tide
and tidal range of 2e3 m, while the south arm is shallower,
with 2e4 m depth at high tide and tidal range of 2e3 m.
The south arm is almost silted up in the upstream areas, which
causes the freshwater to flow mainly by the north arm. The
water circulation in the south arm is mainly dependent on
the tides and on a small freshwater input, carried out through
the Pranto River, a small tributary system, which is regulatedD
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Fig. 1. The Mondego River Estuary e location of the five sampling stations.
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rice fields. In the south arm, about 75% of the total area con-
sists of intertidal mudflats, while in the north arm they stand
for less than 10%.
The main point sources of pressure and disturbance in the
Mondego are the following: (a) dredging and shipping in the
north arm; and (b) raw sewage disposal and high nutrient in-
puts from agricultural and fish farms in the upstream areas
of the south arm. Combined with a high water residence
time, this led to an eutrophication process, resulting in occa-
sional spring macroalgae blooms of Enteromorpha spp. over
the past two decades (e.g. Pardal et al., 2004; Dolbeth et al.,
2007). As a result the ancient large meadows of Zostera noltii
are restricted to a small patch in the downstream area (Cardoso
et al., 2004).
2.2. Sampling procedures and hydrological data
The fish community was sampled monthly at five stations
(Fig. 1), from June 2003 to June 2006 (except in July, Septem-
ber, October and December 2004, due to technical con-
straints). Fishing took place during the night, at high water
of spring tides, using a 2-m beam trawl with one tickler chain
and 5 mm mesh size in the cod end. At each station, three
trawls were towed for an average of 5 min each, covering at
least an area of 500 m2. All the fish caught were identified
and counted. Bottom water was analyzed for temperature,
salinity, dissolved oxygen and pH while fishing took place.
Hydrological data were obtained from INAG e Portuguese
Water Institute (http://snirh.inag.pt). Both monthly precipita-
tion (from January 2002 to June 2006) and long-term monthly
average precipitation (from 1933 to 2006) were obtained from
the Soure 13F/01G station. Freshwater runoff was acquired
from INAG station Ac¸ude Ponte Coimbra 12G/01A, near the
city of Coimbra (located 40 km upstream).
2.3. Data analysis
The community structure was analyzed based on six ecolog-
ical guilds established from habitat pattern usage (adapted from
Elliott and Dewailly, 1995): marine adventitious species (MA),
marine juvenile migrant species (MJ; occurring usually in low
densities in estuaries as an alternative habitat), marine species
that use the estuary as nursery grounds (NU; occurring in clear
seasonal patterns, higher densities and remaining longer
periods in estuaries), estuarine resident species (ER), catadro-
mous adventitious species (CA) (no anadromous species
were found) and freshwater adventitious species (FW).
Monthly fish abundance data were expressed as the number
of individuals per 1000 m2. For a straightforward synthesis
and analysis of the obtained results, monthly data were aver-
aged by season, as follows: summer e from June to August;
autumn e from September to November; winter e from
December to February; and spring e from March to May.
Whenever one or more months were absent, seasonal values
were calculated with the available data. Spatial variability
was not taken into account due to the small size of the estuary.Multivariate statistics were used to investigate variations in
the structure of the fish community throughout the study
period. A BrayeCurtis similarity matrix was computed using
seasonal abundances of fishes of each guild (square root trans-
formed), from which the non-metric multidimensional scaling
(MDS) ordination plot was generated using PRIMER software
package (version 5.0) (Clarke and Warwick, 2001). To validate
the interpretation of the MDS, the ANOSIM test (analysis of
similarities) was performed, built on a simple nonparametric
permutation procedure, applied to the similarity matrix under-
lying the ordination of the samples (treatments) (Clarke and
Warwick, 2001). The BIOENV procedure (PRIMER software
package, version 5.0) (Clarke and Warwick, 2001) (all permu-
tations of trial variables, Spearman’s rank correlation) was
used to find the best combination of environmental variables
explaining the variations in the fish community.
Salinity anomalies were calculated as the average monthly
salinity subtracted from the corresponding average throughout
the study period. Differences between years were tested using
an ANOVA. Tukey-type a posteriori tests were used, whenever
the null hypothesis was rejected. Spearman’s rank correlations
between fish abundance (per ecological guild) and environ-
mental parameters were calculated. A significance level of
0.05 was considered in all test procedures.
3. Results
3.1. Environmental characterization
Considerable variations in precipitation and freshwater run-
off were observed during the surveys. While in 2003/2004 pre-
cipitation values were higher than the 1931e2006 average,
2004 and 2005 were considered as extreme drought, with below
average precipitation and low freshwater discharge (Fig. 2).
Freshwater flow evidenced a severe reduction, with the lowest
value in 2005 almost 10-fold lower than the highest in 2003.
Salinity was highly variable at all stations, particularly at
the most upstream ones (F¼ 34.1, P< 0.05). In 2005, salinity
values were higher in all stations than in the remaining years.
This fact was particularly marked in station E (reaching 20
in September 2005). Significant differences were found be-
tween salinity values of 2003/2004 and 2004/2005 (q¼ 0.006,
P< 0.05, Tukey-type a posteriori test). Negative anomalies
occurred mainly in 2003/2004, while positive anomalies oc-
curred mostly in 2005, indicating higher than average salinity
values (Fig. 3). For further detailed information on salinity
variations in the sampling stations see Marques et al. (2007).
Temperature showed a typical variation for the temperate
regions, varying from 8.82 1.69 C to 22.74 2.55 C
(Table 1).
3.2. Fish assemblage
Throughout the study period, a total of 10,697 individuals,
belonging to 42 species and 23 families, comprised the Mon-
dego Estuary fish assemblage (Table 2). The most abundant
species were the estuarine residents (ER) Pomatoschistus
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Fig. 2. Monthly precipitation and river runoff values from January 2002 to June 2006, plotted against the average precipitation values for 1933e2006.microps and Pomatoschistus minutus, the species that use the
estuary as nursery grounds (NU) Dicentrarchus labrax, Solea
solea and Platichthys flesus, and the marine juvenile migrant
species (MJ) Diplodus vulgaris. Juvenile stages comprised
most of the estuarine community (unpublished results).
Freshwater adventitious species (FW) (Barbus bocagei,
Carassius auratus and Gambusia holbrooki) were only occa-
sionally collected until the winter of 2004. Marine adventitious
species (MA) such as Arnoglossus laterna, Buglossidium lu-
teum, Gaidropsarus mediterraneus, Solea lascaris and Sym-
phodus bailloni only appeared after the summer of 2004. In
fact, A. laterna, B. luteum, S. lascaris and Trisopterus luscus
were only captured inside the estuary throughout 2005.
The number of species per month was constant over the
study period, with an average number of 15 (3). However,
differences in the total number of species per year were ob-
served, with the highest values recorded in 2005/2006e 35 spe-
cies, then 2003/2004 e 34 species, and finally 2004/2005 e 29
species.
Regarding the number of species per ecological guild
(Fig. 4a), there was an increase in marine adventitious species(MA) since the spring of 2005, comprising almost 25% of the
species number. On the opposite, there was a decrease in ma-
rine juvenile migrant species (MJ). Estuarine residents (ER)
and nursery species (NU) comprised about 50% of the species
number. In terms of densities (Fig. 4b), the nursery species
(NU) dominated the assemblage in 2003/2004, while in
2004/2005 and 2005/2006 the community was dominated by
the estuarine residents (ER), particularly Pomatoschistus spe-
cies, comprising about 75% of the community in the autumn
of 2004 and spring and summer of 2006. In 2005, the relative
abundance of marine adventitious species (MA) also increased.
The most significant changes in the fish assemblage were
detected in three guilds: estuarine residents (ER), freshwater
adventitious species (FW) and marine adventitious species
(MA) (Fig. 5). Considering marine adventitious species
(MA), there was an increase in densities mainly in 2005, dur-
ing the period of extremely low precipitation and freshwater
flow. In 2006, abundance values were similar to those found
in 2003. An opposite pattern was found for estuarine residents
(ER), with low densities in the driest periods (2004 and 2005).
These species exhibited summer abundance peaks, but in-10
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Fig. 3. Average monthly variation of bottom salinity, temperature (C) and salinity anomalies for the study period, in the Mondego Estuary.
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species (FW) were last recorded in estuarine waters in the win-
ter of 2004 and in very low densities. Taking into account ma-
rine juvenile migrant species (MJ) and nursery species (NU),
a decrease in densities was also observed along the study
period.
3.3. Statistical analysis of the fish assemblage
The fish community (based on the ecological guilds) was
seasonally separated in the MDS ordination plot, particularly
the years of 2003 and 2006 (Fig. 6). Differences between sea-
sons and years were identified, mainly in 2003 and 2006,
which were further separated from the remaining years. Fur-
thermore, 2006 exhibited high variability among seasons,
showing the greatest scatter within the same year. Both sum-
mers of 2003 and 2006 were closely linked in the ordination
plot. All seasons of 2004 and 2005 were closer in the diagram,
along with the spring of 2006. An opposition between the au-
tumn of 2003 and 2004 was observed.
Table 1
Monthly variation (mean values standard deviation) of bottom water salinity,
temperature (C), dissolved oxygen (mg L1) and pH
Month Salinity Temperature
(C)
O2
(mg L1)
pH
Jun-03 18.10 11.52 21.24 1.11 5.53 0.72 8.05 0.20
Jul-03 22.54 13.45 21.22 3.61 8.24 1.76 8.04 0.26
Aug-03 19.86 12.22 21.64 2.28 8.09 1.71 8.03 0.26
Sep-03 20.78 14.14 20.88 1.26 7.51 0.97 7.95 0.16
Oct-03 21.68 13.34 15.92 0.42 9.29 1.07 7.85 0.27
Nov-03 21.28 14.06 15.62 0.28 8.93 1.06 7.86 0.44
Dec-03 19.28 11.88 12.02 0.97 10.76 1.13 8.00 0.28
Jan-04 18.24 11.23 11.52 1.52 10.46 0.35 7.89 0.27
Feb-04 20.64 13.01 12.62 1.17 9.77 1.39 8.28 0.11
Mar-04 19.68 12.53 14.46 1.48 10.13 0.45 8.31 0.22
Apr-04 22.88 10.82 16.32 1.26 9.98 1.02 8.00 0.19
May-04 22.92 11.31 20.04 2.71 7.89 1.76 8.10 0.19
Jun-04 25.25 12.49 18.50 3.05 7.53 1.19 8.04 0.14
Aug-04 22.60 12.74 20.24 2.73 8.45 1.04 7.99 0.46
Nov-04 17.44 10.22 10.98 1.06 9.52 0.48 e
Jan-05 24.28 10.58 8.82 1.69 e e
Feb-05 29.78 7.99 9.92 0.38 11.99 0.79 8.28 0.04
Mar-05 22.54 12.97 16.26 0.75 9.57 1.37 8.03 0.23
Apr-05 26.78 8.78 17.94 1.78 9.07 1.43 8.13 0.21
May-05 30.72 6.28 18.26 2.60 9.08 1.18 8.05 0.18
Jun-05 29.68 6.39 21.04 2.91 8.73 1.32 7.81 0.16
Jul-05 24.24 11.67 22.74 2.55 7.62 1.30 7.91 0.13
Aug-05 27.46 6.29 18.42 2.29 7.99 0.75 8.06 0.09
Sep-05 30.48 6.63 17.40 1.78 8.63 0.92 7.99 0.12
Oct-05 25.90 11.35 17.56 0.67 8.84 1.28 7.92 0.10
Nov-05 20.66 13.73 14.12 0.72 8.24 0.21 e
Dec-05 15.14 10.91 10.86 0.94 e e
Jan-06 20.70 13.14 10.92 1.36 10.06 0.59 7.72 0.07
Feb-06 22.78 8.17 11.93 0.88 10.59 0.53 7.78 0.13
Mar-06 15.28 14.26 16.44 1.28 9.25 0.42 8.37 0.14
Apr-06 16.64 14.82 18.76 2.27 8.41 1.20 8.08 0.36
May-06 27.20 9.86 20.58 3.37 8.00 1.04 8.02 0.12
Jun-06 26.06 6.02 21.04 2.36 8.02 0.85 7.99 0.16Significant differences were detected with ANOSIM be-
tween years at the 5% level: 2005 was significantly different
from 2006 (R¼ 0.426; P¼ 0.029). Although not significantly,
differences were also found between 2003 and 2004
(R¼ 0.857; P¼ 0.067) and between 2003 and 2005 (R¼ 1;
P¼ 0.067). BIOENV procedure revealed that dissolved oxy-
gen, pH and precipitation were responsible for explaining
34% of the variability within the fish community.
Spearman’s rank correlations of the abundance of each eco-
logical guild with the environmental conditions showed a pos-
itive correlation of the nursery and residents’ guilds with
temperature (r¼ 0.56; P< 0.05 and r¼ 0.64; P< 0.05, re-
spectively) (Table 3). Negative correlations were found be-
tween the estuarine residents and precipitation (r¼0.54;
P< 0.05) and between marine adventitious and water runoff
(r¼0.81; P< 0.05).
4. Discussion
4.1. Fish community
The Mondego Estuary fish assemblage was similar to the
typical European Atlantic seaboard estuarine community as
defined by Elliott and Dewailly (1995), Pihl et al. (2002)
and by Mathieson et al. (2000) for tidal marshes, with a dom-
inance of estuarine residents (ER) and species that use estuar-
ies as nursery areas (NU). The present results corroborate the
findings of Malavasi et al. (2004), in which the estuarine res-
idents comprise about 50% of the fish community of the Ven-
ice Lagoon. Unlike larger estuaries, marine juvenile migrant
species (MJ) were less important in both number of species
and total densities. Pihl et al. (2002) found that within a group
of selected estuarine systems, great regional variance exists in
the composition and abundance of the ecological guilds mak-
ing up the estuarine fish assemblages, mainly due to particular
characteristics of each estuarine system. This seems to agree
with our results, as the differences found can be attributed to
the small size of the Mondego Estuary and to its small open-
ing, which can limit the entrance of marine species.
The most important families of the Mondego Estuary fish
assemblage were Gobiidae, Moronidae, Soleidae, Pleuronecti-
dae, Sparidae and Atherinidae. When comparing with other
European estuarine systems (e.g. Laffaille et al., 2000; Cabral
et al., 2001; Gordo and Cabral, 2001; Potter et al., 2001; Costa
et al., 2002; Hampel et al., 2003; Malavasi et al., 2004), the
main difference that can be found is the absence of Mugilidae
as one of the most important families. Beam trawling is often
considered a suitable method for sampling benthic species, but
tends to underestimate pelagic species (Thiel et al., 2003) such
as mugilids.
The nursery species (NU) Dicentrarchus labrax, Platichthys
flesus and Solea solea comprised a significant part of the
assemblage, in conformity with other European estuaries
(e.g. Elliott and Dewailly, 1995; Laffaille et al., 2000; Gordo
and Cabral, 2001; Malavasi et al., 2004), reinforcing the impor-
tance of small estuaries as nursery areas and their role for the
maintenance of coastal stocks. As outlined by Martinho et al.
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Mondego Estuary fish community: distribution of species according to Family and ecological guild (CA e catadromous adventitious species; ER e estuarine res-
idents; MA e marine adventitious species; FW e freshwater adventitious species; MJ e marine juvenile migrant species; and NU e nursery species) and average
number of individuals per 1000 m2 for all the study periods
Species Family Ecological
guild
Average N
ind. 1000 m2
Species Family Ecological
guild
Average N
ind. 1000 m2
Ammodytes tobianus Ammodytidae MA 0.119 0.34 Liza aurata Mugilidae MJ 0.014 0.04
Anguilla anguilla Anguillidae CA 0.633 0.94 Liza ramada Mugilidae CA 0.250 0.58
Aphia minuta Gobiidae MA 0.062 0.22 Mugil cephalus Mugilidae MJ 0.005 0.02
Arnoglossus laterna Scophthalmidae MA 0.016 0.06 Mullus surmuletus Mullidae MJ 0.104 0.17
Atherina boyeri Atherinidae ER 0.789 1.29 Nerophis lumbriciformis Syngnathidae ER 0.008 0.05
Atherina presbyter Atherinidae ER 0.098 0.21 Parablennius gattorugine Blenniidae MA 0.003 0.02
Barbus bocagei Cyprinidae FW 0.007 0.04 Platichthys flesus Pleuronectidae NU 1.501 1.64
Buglossidium luteum Soleidae MA 0.003 0.02 Pomatoschistus microps Gobiidae ER 8.155 11.58
Callionymus lyra Callionymidae MA 0.148 0.27 Pomatoschistus minutus Gobiidae ER 3.685 6.04
Carassius auratus Cyprinidae FW 0.002 0.01 Sardina pilchardus Clupeidae MJ 0.275 1.10
Chelon labrosus Mugilidae MJ 0.009 0.04 Scophthalmus rhombus Scophthalmidae MJ 0.050 0.07
Ciliata mustela Gadidae MJ 0.129 0.21 Solea lascaris Soleidae MA 0.025 0.07
Conger conger Congridae MA 0.018 0.04 Solea senegalensis Soleidae MJ 0.099 0.15
Dicentrarchus labrax Moronidae NU 7.507 7.93 Solea solea Soleidae NU 1.663 1.42
Dicologlossa hexophthalma Soleidae MJ 0.002 0.01 Sparus aurata Sparidae MJ 0.020 0.05
Diplodus vulgaris Sparidae MJ 1.422 1.84 Spondyliosoma cantharus Sparidae MA 0.018 0.07
Echiichthys vipera Trachinidae MA 0.027 0.07 Symphodus bailloni Labridae MA 0.047 0.11
Engraulis encrasicolus Engraulidae MA 0.052 0.17 Syngnathus abaster Syngnathidae ER 0.165 0.25
Gaidropsarus mediterraneus Gadidae MA 0.002 0.01 Syngnathus acus Syngnathidae ER 0.257 0.52
Gambusia holbrooki Poeciliidae FW 0.011 0.06 Trigla lucerna Triglidae MJ 0.120 0.26
Gobius niger Gobiidae ER 0.124 0.14 Trisopterus luscus Gadidae MA 0.102 0.24(2007), seasonal abundance peaks for these species were re-
corded, and directly linked to the seasonal patterns of recruit-
ment and migration between enclosed and coastal waters. In
terms of numbers, the fish community was dominated by Poma-
toschistus microps. This estuarine residents (ER) were the most
abundant since the autumn of 2004, and in agreement withLeit~ao et al. (2006), tend to occupy inner areas of the estuary,
thus reducing competition with other Gobiidae species such as
Pomatoschistus minutus, which is mainly concentrated at the
mouth of the estuary (Leit~ao et al., 2006; Dolbeth et al., 2007).
One significant aspect of this work was the reappearance of
Symphodus bailloni, a marine species that lives in association0%
25%
50%
75%
100%
0%
25%
50%
75%
100%
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
MA MJ NU ER CA FW
2003 2004 2005 2006
B
A
N
. I
nd
N
. S
pp
Fig. 4. Seasonal variation of the relative composition of each ecological guild, according to the number of species (A) and number of individuals per 1000 m2 (B).
CA e catadromous adventitious species; ER e estuarine residents; MA e marine adventitious species; FW e freshwater adventitious species; MJ e marine
juvenile migrant species; and NU e nursery species. Sum e summer; Aut e autumn; Wint e winter; and Spr e spring.
543F. Martinho et al. / Estuarine, Coastal and Shelf Science 75 (2007) 537e5460
2
4
6
8
0
2
4
6
8
0
2
4
6
8
0
5
10
15
20
25
30
35
N
. S
pp
N
. S
pp
N
. S
pp
N
. Ind. 1000 m
-2
N
. Ind. 1000 m
-2
N
. Ind. 1000 m
-2
0
1
2
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
0
1
2
3
4
5
MA
MJ
NU
2003 2004 2005 2006
B
A
C
Species number
0
2
4
6
8
0
10
20
30
40
50
60
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
N
. S
pp
N
. S
pp
N
. S
pp
N
. Ind. 1000 m
-2
N
. Ind. 1000 m
-2
N
. Ind. 1000 m
-2
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
Sum Aut Wint Spr Sum Aut Wint Spr Sum Aut Wint Spr Sum
ER
CA
FW
2003 2004 2005 2006
D
E
F
Density N. Ind. 1000 m-2
Fig. 5. Seasonal variation of the species number and number of individuals per 1000 m2 of each ecological guild, A e marine adventitious species (MA); B e
marine juvenile migrant species (MJ); C e nursery species (NU); D e estuarine residents (ER); E e catadromous adventitious species (CA); and F e freshwater
(FW). Sum e summer; Aut e autumn; Wint e winter; and Spr e spring.with seagrass beds. This species had been captured in the pre-
vious study performed by Jorge et al. (2002) in the early
1990s, but was absent until the summer of 2004. The relevance
of this finding can be related to the success of the eutrophica-
tion mitigation measures implemented in the estuary since
1998 (for further details see Lillebø et al., 2005), which led
to a recovery of the area covered by Zostera noltii (15 ha in
1986; 0.02 ha in 1997; and 4.7 ha in 2006) in the south arm
of the estuary, increasing the available habitat for this species.
Currently, a management program is taking place, in order to
restore the communication of the north and south arms, to im-
prove the water circulation and to reduce the residence time,
aiming at the restoration of the seagrass meadows.
4.2. Extreme drought events and its impacts on fish
assemblages
Having in mind that the measurement of any ecological re-
sponse by the fish community, or individual species within
a community, must take cognisance on the key role played
by the physico-chemical environment in influencing the struc-
ture and functioning of that estuary (Whitfield and Elliott,
2002), this work tried to assess the influence of extreme
drought events in the fish community.Due to the occurrence of two consecutive extreme dry
years, several changes occurred in the Mondego River basin.
In fact, according to the Portuguese Weather Institute (http://
web.meteo.pt/pt/clima/clima.jsp), in these last years severe
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Fig. 6. Two-dimensional MDS ordination plot of the fish community according
to season. Sum e summer; Aut e autumn; Wint e winter; and Spr e spring.
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the general climate patterns for the period 1961e1990. With
decreasing precipitation levels and in an extreme drought situ-
ation, freshwater was stored in dams located upstream, which
led to a decrease in water runoff to the estuary, from 2004 to
2005. According to Whitfield (1999), variations in the river
flow in estuaries influence not only the salinity but also the bio-
chemical properties of the water body. Furthermore, decreasing
freshwater flow results in the incursion of saline waters into
reaches of the estuary previously dominated by freshwater
(Attrill et al., 1996), and in agreement, strong positive salinity
anomalies were observed mainly in 2005, indicating that values
higher than average salinity occurred throughout the estuary.
Typical marine adventitious species (MA) like Arnoglossus
laterna, Buglossidium luteum, Solea lascaris and Trisopterus
luscus were only captured in the estuary during the period
where the highest drought effects were experienced e 2005,
benefiting from a higher extent of the incursion of seawater
Table 3
Spearman rank correlations between the average abundance of fishes of each
ecological guild and some environmental parameters. Sal e salinity; Temp e
temperature; O2 e dissolved oxygen; pH e pH; Avg Precip e average precip-
itation; and Avg Runoff e average river runoff. *Are significant values for
P< 0.05
Guild Sal Temp
(C)
O2
(mg L1)
pH Avg Precip
(mm)
Avg Runoff
(da m3)
MA 0.49 0.00 0.26 0.23 0.24 0.81*
MJ 0.24 0.34 0.27 0.01 0.05 0.05
NU 0.24 0.56* 0.06 0.18 0.17 0.05
ER 0.18 0.64* 0.36 0.51 0.54* 0.16
CA 0.01 0.11 0.29 0.48 0.29 0.06
FW 0.01 0.43 0.17 0.38 0.17 0.05
Table 4
Species abundance ranking (% of number of individuals per 1000 m2) for the
periods of 2003/2004, 2004/2005 and 2005/2006. Only the 20 most abundant
species are shown
2003/2004 2004/2005 2005/2006
Species % Species % Species %
D. labrax 34.58 P. microps 42.85 P. microps 40.43
P. microps 20.31 D. labrax 15.89 D. labrax 17.79
P. minutus 17.55 P. flesus 8.70 P. minutus 8.79
D. vulgaris 7.00 S. solea 5.92 S. solea 7.05
P. flesus 5.69 P. minutus 5.79 A. boyeri 6.82
S. solea 5.52 D. vulgaris 3.46 P. flesus 2.64
A. anguilla 2.46 A. boyeri 3.38 S. pilchardus 2.39
S. acus 0.89 A. anguilla 3.34 D. vulgaris 2.09
A. boyeri 0.86 A. tobianus 1.47 S. acus 1.20
L. ramada 0.78 L. ramada 1.33 A. anguilla 1.19
S. pilchardus 0.62 C. lyra 1.22 T. luscus 1.11
T. lucerna 0.60 S. abaster 1.13 C. lyra 1.04
C. mustela 0.56 S. acus 0.64 M. surmuletus 0.90
S. abaster 0.44 C. arautus 0.61 L. ramada 0.89
G. niger 0.39 A. presbyter 0.55 A. presbyter 0.86
A. minuta 0.28 E. encrasicolus 0.55 S. senegalensis 0.74
S. rhombus 0.25 G. niger 0.50 S. abaster 0.58
S. senegalensis 0.21 M. surmuletus 0.48 G. niger 0.55
A. tobianus 0.17 S. bailloni 0.45 C. mustela 0.43
E. vipera 0.12 T. luscus 0.41 E. encrasicolus 0.36into the estuary (due to low freshwater runoff). In fact, none
of these species had ever been described in the Mondego Es-
tuary, according to the baseline study performed by Jorge et al.
(2002) in the early 1990s. This points out an increase in salin-
ity over the past decade inside the estuary, related to the effects
of low freshwater flow combined with continuous dredging ac-
tivities in the north arm (the location of the commercial har-
bour) which increases the salinity incursion inside the
estuary (e.g. Marchand et al., 2002; Leit~ao et al., 2007).
According to the present data, it was possible to define
three distinct periods in terms of environmental conditions:
(a) 2004 and 2005, when the harshest drought-induced effects
were felt; (b) 2003, when precipitation levels were considered
normal; and (c) 2006, when precipitation levels were slightly
lower than normal/regular years. These periods were identified
in the MDS plot, showing the seasons of 2004 and 2005
grouped together, and although high dissimilarity between
2003 and 2006 was detected, summer values of both years
look similar. This indicates that the changes in the fish com-
munity due to the effects of low precipitation and freshwater
flow were more significant in 2004/2005. Accordingly, the
main changes in the fish community were the depletion of
freshwater adventitious species (FW) and an increase in ma-
rine adventitious species (MA), supported by the strong nega-
tive correlation between marine adventitious species (MA) and
freshwater runoff, and a decrease in abundance of the estua-
rine residents (ER) during the driest period. The increase in
marine adventitious species (MA) had already been reported
in 1992 by Jorge et al. (2002), as a consequence of a hydrolog-
ical dry year. The opposition found between the autumn of
2003 and autumn of 2004 seems to be caused by a shift in
the relative proportions of estuarine residents (ER) and nursery
species (NU). In addition, the ordination of samples in the
MDS plot suggests that the fish community showed more sea-
sonal changes in wet years than in dry years, as previously ob-
served by Potter et al. (1986) and Cuesta et al. (2006) in other
temperate estuaries. As outlined in the BIONEV analysis, pre-
cipitation was one of the environmental parameters best ex-
plaining the variability in the fish community.
References of the impacts of drought events on temperate
estuarine fish communities are scarce in literature, with
more available information on planktonic (e.g. Marques
et al., 2007) and invertebrate benthic communities (e.g. Attrill
et al., 1996; Attrill and Power, 2000; Cuesta et al., 2006). The
previous authors concluded that in years of low freshwater
flow, and mainly in the upper reaches of estuarine areas, fresh-
water communities were gradually replaced by others tolerant
to higher salinities due to a higher saline incursion. This seems
to corroborate the present results, even if comparing different
trophic levels. Furthermore, Attrill and Power (2000) pointed
out that fluctuations in key benthic species such as Carcinus
maenas or Crangon crangon in response to climatic changes
can induce variations in the whole estuarine community. Drake
et al. (2002) suggested that short-term salinity fluctuations
during warmer periods may negatively affect species that com-
plete their lifecycle within the estuary. Likewise, the estuarine
residents (ER) presented lower densities during the dry period
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Pomatoschistus microps and Pomatoschistus minutus’ eggs
(the most abundant resident species) is highly dependent on
salinity, conditioning the recruitment’s strength (maximum
egg survival at 5e35 with maximum larval size at 5e15 for
P. microps and, 15e35 for maximum egg survival with max-
imum larval size at 35 for P. minutus). Also, predation pres-
sure on these species could have increased due to the higher
abundance of marine adventitious species (MA), particularly
at the mouth of the estuary (for further discussion on this topic
see Dolbeth et al., 2007). According to Garcia et al. (2001),
surveys in a warmetemperate south-western Atlantic intermit-
tently closed lagoon (South Brazil) led to the conclusion that
during La Ni~na episodes (cold and dry events) there was an in-
crease in marine species inside the lagoon, as a consequence
of low freshwater input and a higher intrusion of sea water
into the upper reaches. The same pattern was observed by
Ecoutin et al. (2005) in a coastal lagoon in the Ivory Coast.
However, and despite the changes described above, the ma-
jority of the fish assemblage remained rather unchanged. In the
three years of sampling, the 10 most abundant species always
comprised more than 90% of the number of individuals of the
fish community, comprising the main core of the community
(Table 4) and indicating that the major changes occurred in
species with lower frequencies. Similar results were obtained
by Costa et al. (2007) for the Tagus Estuary, when comparing
various sampling periods from 1978 to 2002. The previous au-
thors reported that the structure of the fish community re-
mained relatively unchanged during subsequent dry and wet
years, although higher densities were recorded in dry years.
To assess whether climatic extremes have long term and
more significant impacts on estuarine fish communities will
require even longer and geographically wider databases, due
to the slow response time to disturbance that characterizes
fish species (Cabral et al., 2001).
In conclusion, and despite interannual variations in recruit-
ment and mortality rates, it was possible to assess some effects
of extreme drought events on a temperate estuarine fish com-
munity. This influence seems to be increased in the case of the
Mondego due to its small area (3.4 km2), with lower thresh-
olds to fast environmental variations. Moreover, and in confor-
mity with Attrill et al. (1996), the influence of severe drought
conditions, which are predicted to increase over the subse-
quent years, should be strongly considered when undertaking
management plans for estuaries and river catchment areas.
Also, prolonging ongoing monitoring programs should be
encouraged, in order to understand the long-term effects of cli-
matic changes in key systems such as the estuarine environ-
ment. The use of ecological guilds proved to be a strong
tool in assessing changes in the estuarine system by reducing
variability and allowing direct comparisons between estuaries
in the future.
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